We present a new class of constraints to the lepton{family number and R?parity violating couplings from muonium conversion, ? 
I. INTRODUCTION
Lepton{family numbers are accidental global symmetries of the standard model (SM), and thus the electron, muon, and tau lepton numbers (denoted by L e ; L ; and L , respectively) are separately conserved as well as the total lepton number, L tot = L e + L + L . On the contrary, this is no longer true in the Minimal Supersymmetric Standard Model (MSSM) 1]. Supersymmetry, gauge invariance, and renormalizability do not forbid the following lepton number and/or baryon number violating terms in the renormalizable superpotential 2] : The most popular solution to such a stringent bound is to introduce a discrete symmetry called R?parity de ned as R p (?1) 3B+Ltot+2S ; (2) where B, L tot , and S are the baryon number, total lepton number, and intrinsic spin of a particle, respectively. Then the ordinary particles appearing in the SM as well as the extra Higgs boson in the MSSM are R?parity even, whereas their superpartners are R?parity odd. Therefore, the R?parity conservation implies that the superpartners of ordinary particles be always produced in pairs, and that the lightest supersymmetric particle (LSP) be stable. This property of LSP puts a strong constraint on the possible phenomenology at colliders. Also the LSP plays a potentially important role in cosmology as a (cold) dark matter candidate 5]. This interesting symmetry, the R?parity, can be introduced even naturally 6], that is, without any other symmetry except a gauge symmetry and supersymmetry. However, the existence of the R?parity symmetry itself has not been con rmed. It is clearly worth looking for the R?parity violating processes and deriving the constraints on the R?parity violating couplings. The proton decay originated from the R-parity violating terms can be evaded by assuming a weaker condition than the R-parity conservation, either 0 = 0 or 00 = 0. The latter corresponds to the baryon-number conservation. The last term in Eq. (2) can generate neutrino masses 7], and have interesting phenomenological consequences. However, it is irrelevant to the four-fermion processes considered in this paper, and thus will be ignored from now on. In the case of the lepton-number conservation We have taken into account the avor-mixing e ects in the up-quark sector in terms of the CKM matrix elements, V jp . The disalignment between fermion and sfermion elds will be ignored, since it is strongly constrained from the suppression of the Flavor Changing Neutral Current (FCNC) processes. The sparticle elds in Eq. (3) are assumed to be the mass eigenstates.
Integrating out the superparticles such as sneutrinos or u?squarks, we get the e ective lagrangian involving four fermions in the SM. (In this work, we will not be concerned about the four-fermion interactions with neutrinos such as ! l .) For example, by integrating out the sneutrino elds, we get the j Sj = 2 e ective lagrangian,
and similarly for the j Bj = 2 e ective lagrangian. One can also get the e ective lagrangian for q i + q j ! e k + e l by integrating out the sneutrino and the squark elds. 
The rst term comes from the sneutrino exchanges, whereas the second comes from the u?squark exchanges. We have used the Fierz transformation in order to get the second term. There is another e ective lagrangian for q i + q j ! e k + e l , with q's being up-type quarks, which can be obtained from Eq. (3) R e L L e R ; (8) In Eq. (8), we have used the antisymmetry of the couplings, ijk = ? jik , in order to simplify the sneutrino contributions. The muonium conversion probability is usually translated into the upper limit on the hypothetical coupling G MM de ned as
A ( e) V +A + h:c::
Our e ective Lagrangian, Eq. (8), is the same as Eq. (9) In many supersymmetric theories with lepton{family number violation, the ? ! e ? conversion on the 48 22 Ti nucleus occurs through the electroweak penguin diagram, ? ! e ? + (or Z ), or through the box diagrams, ? + q ! e ? + q (with q = u; d) where various superparticles run around the loop. In our case with explicit R p violations, on the contrary, the e ective lagrangian Eq. (13) arises at the tree level via superparticle exchanges in different channels. Therefore, the usual loop-induced ? ! e ? conversion on the Ti nucleus would be suppressed by O( =16 2 ) compared with the tree level contribution from the above e ective lagrangian, and thus will be neglected in this work.
In order to evaluate the matrix element of the e ective lagrangian Eq. (13) between the nucleus as well as the initial and nal leptons, we assume that the nuclear recoil is negligible, and the nucleus and the initial muon can be treated as nonrelativistic. Under these assumptions, the vector current and the scalar density of the nucleus contribute to the coherent conversion process, basically counting the number of protons and neutrons inside the target nucleus. Then, the conversion rate for the ? The relevant e ective lagrangian has been already constructed in the previous subsection, Eqs. (5) and (7). The matrix element for hl; PS(or V )jL eff j i can be evaluated using PCAC The limit on the A V is given in Table I . Note that these limits in Table I are comparable to those from ! 3e; e + ? ; 3 , and so on. However, these two classes of tau decays constrain di erent combinations of and 0 from ! 3e; e + ? ; or 3 . Therefore, it is worthwhile to consider ! e k + V , in addition to ! e k + and ! ll 0 + l 0 ? , as an independent probe of lepton{family number violation beyond SM. These decays are also easier to study experimentally compared with another decays ! e k + PS to be considered below, since one can tag the dilepton emerging from the decay of a vector meson V (except for K 0 which decays mainly into K ). 
ignoring the nal lepton mass. Therefore, the corresponding amplitude derived from the e ective lagrangians, Eqs. (5) and (6) 
Comparing with the experimental upper limits on these SM-forbidden decays, we get the constraints shown in Table II . For the superparticle masses of 100 GeV, the constraints are all order of 10 ?2 ? 10 ?3 , which are in the similar range as the constraints obtained from the ! e k + V . (See Table I.) IV. CONSTRAINTS FROM J= AND 0 DECAYS Finally, let us consider J= ! e i e j with i 6 = j, and similar decays for and 0 . Since the J= and mainly decay via strong and electromagnetic interactions, these particles would give weaker constraints on LFNV couplings compared to the weak transitionis/decays we have considered before. However, in these decays, the relevant LFNV couplings from the e ective lagrangian Eq. (7) di er from those in the others, and are simpler than those in the ! l + PS. Normalizing the decay rate for the J= ! e i e j (with i 6 = j) to the SM process J= ! e + e ? , we get (summing over two charged modes) ?(J= ! e i e j + e i e j ) ?(J= ! 
We have neglected the nal lepton masses. For the Upsilon decays into e i e j , one can replace m by m , and multiply the above ratio by a factor of 4 3 .
Unfortunately, there is no published upper limit on J= (or (1S)) ! e ; , or e . For example, the upper limit on the ratio would imply jA (12) J= j < 7:2 for md R = 100 GeV. As one might expect, this limit is not that stringent, since J= (and ) decays mainly through strong and electromagnetic annihilations, and not through weak annihilation. However, one may still try to search for the LFNV J= decays at Tau-Charm factories. Note that 0 22p 0 12p has never been constrained before.
Similarly, the e ective lagrangians, Eqs. (5) and (7) contribute to the decays 0 ! e + e ? and ! l + l ? as well as the LFNV decay 0 ! e . In these decays, the (pseudo)scalar (pseudo)scalar couplings in Eq. (5) 
For the lepton number conserving decay 0 ! e + e ? , the branching ratio is known to be B( 0 ! e + e ? ) = (7:5 2:0) 10 ?8 ; 
